2,641 were differentially expressed across cell lines and 268 were present on the Wichita study microarrays. Profiles were dissected into discrete non-overlapping sets composed of genes at least 2-fold induced or 2-fold repressed preferentially in each lineage. Sets were also defined for NK and regulatory T cells. Set expression was computed as the mean of the Ln-transformed expression of member genes.
Mutual information networks. Association networks were constructed using mutual information criteria (MI) as implemented in the ARACNe software [9] . The null probability of MI values was computed by sub-sampling the data with replacement. Networks for each diagnostic class were generated from a consensus of at least 1000 subsampled networks. Indirect associations were removed using data processing inequality (DPI). General topological differences in networks were evaluated using graph edit distance [14] generalized for continuously weighted graphs. Significance of edit distance was estimated using equal-sized random networks created by edge shuffling: (i) conserving distribution of edge weight [15] and (ii) through multi-graphs conserving distribution in node degree [16] . Finally a null distribution was also computed from reference networks generated by random sub-sampling of non-fatigued subjects.
Results.
Undirected graphs computed for non-fatigued and CFS subject groups are visibly different in topology as shown in Figure 1 . They are separated by a graph edit distance ~1.62 which is 83 standard deviations (0.02) above the expected distance between two networks constructed from randomly sampled non-fatigued subjects (~0.08). It is 4 standard deviations (~0.06) above the expected separation between two multi-graphs (~1.38) conserving node degree. However this separation is 5 standard deviations (~0.09) below the expected distance separating two naively shuffled networks (~2.07). The way in which this re-modeling occurs at the level of individual nodes is described through changes in node degree centrality, a measure of direct node connectivity, and eigenvector centrality, a measure of indirect connectivity (Table 1) . Results indicate that immune function nodes are most altered in their association with the remainder of the network. In CFS, nodes associated with monocyte, NK cell and T regulatory activity are less connected both directly and through their immediate neighbors while nodes associated with T cell and neutrophil activity gain in interaction with the environment. The preferentially up-regulated genes in B cells abandon associations and the network shifts association towards lymphocyte functions that are preferentially suppressed in B cells. Neuropeptide Y also increases in node degree. All differences in node degree centrality are at least p<0.01 significant except in the case of estradiol, free testosterone, TSH and urine volume. In terms of eigenvector centrality, nodes for epinephrine and its metabolite metanephrin both dramatically increase their sphere of influence in CFS by finding first neighbors that are very highly connected. Eigenvector centrality is also dramatically increased in the case of C reactive protein. Again all changes in eigenvector centrality are significant at the p<0.01 level with the exception of creatinine and urinary cortisol. It is interesting to notice that regardless of this restructuring average direct and indirect connectivity is virtually conserved between non-fatigued and CFS networks.
Discussion.
The reported changes in connectivity of immune functional nodes align well with observations of altered immune activity in CFS. In particular monocytes, neutrophils and B cells are known players in chronic inflammation [17] . Neuropeptide Y (NPY) receptors are present in most immune cells. Oddly in CFS NPY loses significant association with neutrophil activity and aligns instead with C reactive protein (CRP)-an acute phase reactant increased dramatically during inflammation. In CFS, the CRP node shifts association from monocyte and T regulatory nodes towards NPY and T cell nodes. This would suggest an alternate involvement of NPY in the inflammatory process. Although immune cell nodes are highly connected hubs and central to both non-fatigued and CFS networks direct connections between these nodes were not retained by the network identification process. This result indicates that immune cell subsets are more strongly associated to the neuroendocrine environment (i.e. cortisol) then they are to one another and that immune cell communication occurs principally through intermediaries. Further examination of the gene set design and the effects of network pruning with DPI are required to fully substantiate this observation.
Conclusions
We have successfully constructed association networks demonstrating the key role of immune function in CFS. Neuroendocrine immune networks differ significantly in topology between CFS and controls while being much more closely related than random networks. 
